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(57) ABSTRACT 
Nucleic acid compositions encoding polypeptide products 
With diglyceride acyltransferase activity, as Well as the 
polypeptide products encoded thereby and methods for 
producing the same, are provided. The subject polypeptide 
and nucleic acid compositions ?nd use in a variety of 
applications, including research, diagnostic, and therapeutic 
agent screening applications, as Well as in treatment thera 
pies and in the production of triacylglycerols. 
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DIACYLGLYCEROL O-ACYLTRANSFERASE 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation-in-part of appli 
cation Ser. No. 09/339,472 ?led on Jun. 23, 1999; Which 
application claims priority to the ?ling date of US. Provi 
sional Patent Application Serial No. 60/107,771 ?led Nov. 9, 
1998, the disclosure of Which is herein incorporated by 
reference; and Which application is also a continuation-in 
part of PCT application serial no. PCT/US98/17883, ?led 
Aug. 28, 1998; and a continuation in part of application Ser. 
No. 09/103,754, ?led Jun. 24, 1998; this disclosures of 
Which applications are herein incorporated by reference. 

ACKNOWLEDGMENT OF GOVERNMENT 
SUPPORT 

[0002] This invention Was made With Government support 
under Grant Nos. R01 52069 and R01 57170 aWarded by the 
National Institute of Health and support from the Veteran’s 
Administration. The Government has certain rights in this 
invention. 

INTRODUCTION 

[0003] 1. Field of the Invention 

[0004] The ?eld of the invention is enZymes, particularly 
acyltransferases. 
[0005] 2. Background of the Invention 

[0006] Diacylglycerol O-Acyltransferase (EC 2.3.1.20), 
also knoWn as diglyceride acyltransferase or DGAT, is a 
critical enZyme in triacylglycerol synthesis. Triacylglycerols 
are quantitatively the most important storage form of energy 
for eukaryotic cells. DGAT catalyZes the rate-limiting and 
terminal step in triacylglycerol synthesis using diacylglyc 
erol and fatty acyl CoA as substrates. As such, DGAT plays 
a fundamental role in the metabolism of cellular diacylg 
lycerol and is important in higher eukaryotes for intestinal 
fat absorption, lipoprotein assembly, fat storage in adipo 
cytes, milk production and possibly egg production and 
sperm maturation. 

[0007] Because of its central role in a variety of different 
processes, there is much interest in the identi?cation of 
polynucleotides encoding proteins having DGAT activity, as 
Well as the proteins encoded thereby. 

[0008] Relevant Literature 

[0009] References of interest include: US. Pat. No. 6,100, 
077; Cases et al., the FASEB Journal (Mar. 20, 1998) Vol. 
12., No.(5):A814; Cases et al., Proc. Natl. Acad. Sci. USA 
(October 1998) 95:13018-13023; and Genbank Accession 
No.AF078752 (Nov. 11, 1998); Genbank Accession No. 
AAC63997 (Oct. 15, 1998); and Genbank Accession No. 
1x11059202 (Oct. 15, 1998). 

SUMMARY OF THE INVENTION 

[0010] Nucleic acid compositions encoding polypeptide 
products With diglyceride acyltransferase activity, as Well as 
the polypeptide products encoded thereby and methods for 
producing the same, are provided. Also provided are: meth 
ods and compositions for modulating DGAT activity; DGAT 
transgenic cells, animals and plants, as Well as methods for 
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their preparation; and methods for making triglycerides and 
triglyceride compositions, as Well as the compositions pro 
duced by these methods. The subject methods and compo 
sitions ?nd use in a variety of different applications, includ 
ing research, medicine, agriculture and industry. 

BRIEF DESCRIPTION OF THE FIGURES 

[0011] FIG. 1 depicts the strategy employed to generate 
the DGAT knockout mice of the subject invention. 

[0012] FIG. 2 shoWs the DGAT activity in various tissue 
membranes of DGAT knockout and Wild type mice. 

[0013] FIG. 3 compares the fat pads of Wild type and 
DGAT knockout mice. 

[0014] FIG. 4 compares the body Weights of Wild-type 
and DGAT knockout mice fed a choW diet. 

[0015] FIG. 5 compares the body Weights of Wild type and 
DGAT knockout mice fed a high fat diet. 

[0016] FIGS. 6A and 6B compare the body Weight and fat 
pads of 30 Week old female Wild type and DGAT knockout 
mice fed a high fat diet. 

[0017] FIG. 7 compares the glucose and free fatty acid 
levels in Wild type and DGAT knockout mice. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0018] Nucleic acid compositions encoding polypeptide 
products With diglyceride acyltransferase activity, as Well as 
the polypeptide products encoded thereby and methods for 
producing the same, are provided. Also provided are: meth 
ods and compositions for modulating DGAT activity, eg in 
the treatment of disease conditions associated With DGAT 
activity, including obesity; DGAT transgenic cells, animals, 
plants and fungi, and methods for their preparation, eg for 
use in research, food production, industrial feedstock pro 
duction, etc.; and methods for making triglycerides and 
triglyceride compositions, e.g. oils. The methods and com 
positions of the subject invention ?nd use in a variety of 
different applications and ?elds, including research, medi 
cine, agriculture and industry. 

[0019] Before the subject invention is described further, it 
is to be understood that the invention is not limited to the 
particular embodiments of the invention described beloW, as 
variations of the particular embodiments may be made and 
still fall Within the scope of the appended claims. It is also 
to be understood that the terminology employed is for the 
purpose of describing particular embodiments, and is not 
intended to be limiting. Instead, the scope of the present 
invention Will be established by the appended claims. 

[0020] In this speci?cation and the appended claims, the 
singular forms “a,”“an” and “the” include plural reference 
unless the conteXt clearly dictates otherWise. Unless de?ned 
otherWise, all technical and scienti?c terms used herein have 
the same meaning as commonly understood to one of 
ordinary skill in the art to Which this invention belongs. 

[0021] Where a range of values is provided, it is under 
stood that each intervening value, to the tenth of the unit of 
the loWer limit unless the context clearly dictates otherWise, 
betWeen the upper and loWer limit of that range, and any 
other stated or intervening value in that stated range, is 
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encompassed Within the invention. The upper and loWer 
limits of these smaller ranges may independently be 
included in the smaller ranges, and are also encompassed 
Within the invention, subject to any speci?cally excluded 
limit in the stated range. Where the stated range includes one 
or both of the limits, ranges excluding either or both of those 
included limits are also included in the invention. 

[0022] Unless de?ned otherWise, all technical and scien 
ti?c terms used herein have the same meaning as commonly 
understood to one of ordinary skill in the art to Which this 
invention belongs. Although any methods, devices and 
materials similar or equivalent to those described herein can 
be used in the practice or testing of the invention, the 
preferred methods, devices and materials are noW described. 

[0023] All publications mentioned herein are incorporated 
herein by reference for the purpose of describing and dis 
closing the subject components of the invention that are 
described in the publications, Which components might be 
used in connection With the presently described invention. 

[0024] Nucleic Acid Compositions 

[0025] Nucleic acid compositions encoding polypeptide 
products, as Well as fragments thereof, having diglyceride 
acetyltransferase (DGAT) activity are provided. By nucleic 
acid composition is meant a composition comprising a 
sequence of DNA having an open reading frame that 
encodes a DGAT polypeptide, ie a gene encoding a 
polypeptide having DGAT activity, and is capable, under 
appropriate conditions, of being expressed as a DGAT 
polypeptide. Also encompassed in this term are nucleic acids 
that are homologous or substantially similar or identical to 
the nucleic acids encoding DGAT polypeptides or proteins. 
Thus, the subject invention provides genes encoding mam 
malian DGAT, such as genes encoding human DGAT and 
homologs thereof and mouse DGAT and homologs thereof, 
as Well as plant DGAT, such as Arabidopsis thaliana DGAT 
and homologs thereof. In other Words, both animal and plant 
genes encoding DGAT proteins are provided by the subject 
invention. In certain embodiments, non-human nucleic acids 
encoding DGAT products are preferred. The coding 
sequence of the human DGAT gene, ie the human cDNA 
encoding the human DGAT enZyme, includes or comprises 
a nucleic acid sequence substantially the same as or identical 
to that identi?ed as SEQ ID NO:01 or SEQ ID NO:02, infra. 
A nucleic acid sequence encoding the full length human 
DGAT enZyme (i.e. a protein having or including the 
sequence of SEQ ID NO:05) is also of interest. Also of 
interest is a nucleic acid encoding the full length sequence 
of the human DGAT protein, as shoWn in SEQ ID NO:06. 
The coding sequence of the mouse DGAT gene, ie the 
mouse cDNA encoding the mouse DGAT enZyme, has the 
nucleic acid sequence identi?ed as SEQ ID NO:03, infra. 
Also of interest is the sequence identi?ed as SEQ ID NO:09. 
The coding sequence of the A. thaliana DGAT gene, ie the 
A. thaliana cDNA encoding the A. thaliana DGAT enZyme, 
comprises or includes the nucleic acid sequence identi?ed as 
SEQ ID NO:04, infra. 

[0026] The source of homologous genes to those speci? 
cally listed above may be any species, including both animal 
and plant species, e.g., primate species, particularly human; 
rodents, such as rats and mice, canines, felines, bovines, 
ovines, equines, yeast, nematodes, etc. BetWeen mammalian 
species, e.g., human and mouse, homologs have substantial 
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sequence similarity, eg at least 75% sequence identity, 
usually at least 90%, more usually at least 95% betWeen 
nucleotide sequences. Sequence similarity is calculated 
based on a reference sequence, Which may be a subset of a 
larger sequence, such as a conserved motif, coding region, 
?anking region, etc. A reference sequence Will usually be at 
least about 18 nt long, more usually at least about 30 nt long, 
and may extend to the complete sequence that is being 
compared. Algorithms for sequence analysis are knoWn in 
the art, such as BLAST, described in Altschul et al. (1990), 
J. Mol. Biol. 215:403-10. Unless speci?ed otherWise, all 
sequence identity values provided herein are determined 
using GCG (Genetics Computer Group, Wisconsin Package, 
Standard Settings, gap creation penalty 3.0, gap extension 
penalty 0.1). The sequences provided herein are essential for 
recogniZing DGAT-related and homologous polynucleotides 
in database searches. 

[0027] Nucleic acids encoding the DGAT proteins and 
DGAT polypeptides of the subject invention may be cDNAs 
or genomic DNAs, as Well as fragments thereof. The term 
“DGAT-gene” shall be intended to mean the open reading 
frame encoding speci?c DGAT proteins and polypeptides, 
and DGAT introns, as Well as adjacent 5‘ and 3‘ non-coding 
nucleotide sequences involved in the regulation of expres 
sion, up to about 20 kb beyond the coding region, but 
possibly further in either direction. The gene may be intro 
duced into an appropriate vector for extrachromosomal 
maintenance or for integration into a host genome. 

[0028] The term “cDNA” as used herein is intended to 
include all nucleic acids that share the arrangement of 
sequence elements found in native mature mRNA species, 
Where sequence elements are exons and 3‘ and 5‘ non-coding 
regions. Normally mRNA species have contiguous exons, 
With the intervening introns, When present, being removed 
by nuclear RNA splicing, to create a continuous open 
reading frame encoding a DGAT protein. 

[0029] A genomic sequence of interest comprises the 
nucleic acid present betWeen the initiation codon and the 
stop codon, as de?ned in the listed sequences, including all 
of the introns that are normally present in a native chromo 
some. It may further include the 3‘ and 5‘ untranslated 
regions found in the mature mRNA. It may further include 
speci?c transcriptional and translational regulatory 
sequences, such as promoters, enhancers, etc., including 
about 1 kb, but possibly more, of ?anking genomic DNA at 
either the 5‘ or 3‘ end of the transcribed region. The genomic 
DNA may be isolated as a fragment of 100 kbp or smaller; 
and substantially free of ?anking chromosomal sequence. 
The genomic DNA ?anking the coding region, either 3‘ or 5‘, 
or internal regulatory sequences as sometimes found in 
introns, contains sequences required for proper tissue and 
stage speci?c expression. 
[0030] The nucleic acid compositions of the subject inven 
tion may encode all or a part of the subject DGAT proteins 
and polypeptides, described in greater detail infra. Double or 
single stranded fragments may be obtained from the DNA 
sequence by chemically synthesiZing oligonucleotides in 
accordance With conventional methods, by restriction 
enZyme digestion, by PCR ampli?cation, etc. For the most 
part, DNA fragments Will be of at least 15 nt, usually at least 
18 nt or 25 nt, and may be at least about 50 nt. 

[0031] The DGAT-genes of the subject invention are iso 
lated and obtained in substantial purity, generally as other 
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than an intact chromosome. Usually, the DNA Will be 
obtained substantially free of other nucleic acid sequences 
that do not include a DGAT sequence or fragment thereof, 
generally being at least about 50%, usually at least about 
90% pure and are typically “recombinant”, i.e. ?anked by 
one or more nucleotides With Which it is not normally 
associated on a naturally occurring chromosome. 

[0032] Also provided are nucleic acids that hybridiZe to 
the above described nucleic acids under stringent conditions. 
An example of stringent hybridiZation conditions is hybrid 
iZation at 50° C. or higher and 0.1><SSC (15 mM sodium 
chloride/1.5 mM sodium citrate). Another example of strin 
gent hybridiZation conditions is overnight incubation at 42° 
C. in a solution: 50% formamide, 5><SSC (150 mM NaCl, 15 
mM trisodium citrate), 50 mM sodium phosphate (pH7.6), 
5>< Denhardt’s solution, 10% dextran sulfate, and 20 pig/ml 
denatured, sheared salmon sperm DNA, folloWed by Wash 
ing the ?lters in 0.1><SSC at about 65° C. Stringent hybrid 
iZation conditions are hybridiZation conditions that are at 
least as stringent as the above representative conditions. 
Other stringent hybridiZation conditions are knoWn in the art 
and may also be employed to identify nucleic acids of this 
particular embodiment of the invention. 

[0033] Also provided are nucleic acids that encode the 
proteins encoded by the above described nucleic acids, but 
differ in sequence from the above described nucleic acids 
due to the degeneracy of the genetic code. 

[0034] In addition to the plurality of uses described in 
greater detail in folloWing sections, the subject nucleic acid 
compositions ?nd use in the preparation of all or a portion 
of the DGAT polypeptides, as described beloW. 

[0035] Polypeptide Compositions 
[0036] Also provided by the subject invention are 
polypeptides having DGAT activity, i.e. capable of cata 
lyZing the acylation of diacylglycerol. In addition to being 
capable of catalyZing the esteri?cation of diacylglycerol 
With a fatty acyl CoA substrates, the subject proteins are 
incapable of esterifying, at least to any substantial extent, the 
folloWing substrates: cholesterol, 25-hydroxy-, 27-hy 
droxy-, 7-hydroxy- or 7-hydroxycholesterols, 7-ketocholes 
terol, vitamins D2 and D3, vitamin E, dehydrepiandroster 
one, retinol, ethanol, sitosterol, lanosterol and ergosterol. 

[0037] The term polyeptide composition as used herein 
refers to both the full length proteins as Well as portions or 
fragments thereof. Also included in this term are variations 
of the naturally occurring proteins, Where such variations are 
homologous or substantially similar to the naturally occur 
ring protein, as described in greater detail beloW, be the 
naturally occurring protein the human protein, mouse pro 
tein, or protein from some other species Which naturally 
expresses a DGAT enZyme, be that species animal or plant. 
In the folloWing description of the subject invention, the 
term DGAT is used to refer not only to the human form of 
the enZyme, but also to homologs thereof expressed in 
non-human species, including plant species. 

[0038] The subject DGAT proteins are, in their natural 
environment, trans-membrane proteins. The subject proteins 
are characteriZed by the presence of at least one potential 
N-linked glycosylation site, at least one potential tyrosine 
phosphorylation site, and multiple hydrophobic domains, 
including 6 to 12 hydrophobic domains capable of serving as 
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trans-membrane regions. The proteins range in length from 
about 400 to 650, usually from about 475 to 525 and more 
usually from about 485 to 500 amino acid residues, and the 
projected molecular Weight of the subject proteins based 
solely on the number of amino acid residues in the protein 
ranges from about 50 to 80, usually from about 55 to 75 and 
more usually from about 60 to 65 kDa, Where the actual 
molecular Weight may vary depending on the amount of 
glycolsylation of the protein and the apparent molecular 
Weight may be considerably less (eg 40 to 50 kDa) because 
of SDS binding on gels. 

[0039] The amino acid sequences of the subject proteins 
are characteriZed by having at least some homology to a 
corresponding ACAT protein from the same species, eg a 
human DGAT protein has at least some sequence homology 
With the human ACAT-1 protein, the mouse DGAT protein 
has at least some sequence homology With the mouse 
ACAT-1 protein, etc., Where the sequence homology Will not 
exceed about 50%, and usually Will not exceed about 40% 
and more usually Will not exceed about 25%, but Will be at 
least about 15% and more usually at least about 20%, as 
determined using GCG (Genetics Computer Group, Wis 
consin Package, Standard Settings, Gap Creation Penalty 
3.0, Gap Extension Penalty 0.1). 

[0040] Of particular interest in many embodiments are 
proteins that are non-naturally glycosylated. By non-natu 
rally glycosylated is meant that the protein has a glycosy 
lation pattern, if present, Which is not the same as the 
glycosylation pattern found in the corresponding naturally 
occurring protein. For example, human DGAT of the subject 
invention and of this particular embodiment is characteriZed 
by having a glycosylation pattern, if it is glycosylated at all, 
that differs from that of naturally occurring human DGAT. 
Thus, the non-naturally glycosylated DGAT proteins of this 
embodiment include non-glycosylated DGAT proteins, i.e. 
proteins having no covalently bound glycosyl groups. 

[0041] Of particular interest in certain embodiments is the 
human DGAT protein, Where the human DGAT protein of 
the subject invention has an amino acid sequence that 
comprises or includes a region substantially the same as or 
identical to the sequence appearing as SEQ ID NO:05 infra. 
The sequence of the full length human DGAT protein 
includes the sequence provided in SEQ ID NO:06 infra. As 
such, DGAT proteins having an amino acid sequence that is 
substantially the same as or identical to the sequence of SEQ 
ID NO:6 are of interest. By substantially the same as is 
meant a protein having a region With a sequence that has at 
least about 75%, usually at least about 90% and more 
usually at least about 98% sequence identity With the 
sequence of SED ID NO:06, as measured by GCG, supra. Of 
particular interest in other embodiments is the mouse DGAT 
protein, Where the mouse DGAT protein of the subject 
invention has an amino acid sequence that is substantially 
the same as or identical to the sequence appearing as SEQ 
ID NO:07, infra. Also of interest is SEQ ID NO:10. Also of 
particular interest in yet other embodiments of the subject 
invention is the A. thaliana DGAT protein, Where the A. 
thaliana DGAT protein of the subject invention has an 
amino acid sequence encoded by the nucleic acid compris 
ing the sequence appearing as SEQ ID NO:04, infra. 

[0042] In addition to the speci?c DGAT proteins described 
above, homologs or proteins (or fragments thereof) from 



US 2004/0078836 A1 

other species, i.e. other animal or plant species, are also 
provided, Where such homologs or proteins may be from a 
variety of different types of species, including animals, such 
as mammals, e.g. rodents, such as mice, rats; domestic 
animals, eg horse, coW, dog, cat; and humans, as Well as 
non-mammalian species, eg avian, insect and the like, as 
Well plant species. By homolog is meant a protein having at 
least about 35%, usually at least about 40% and more 
usually at least about 60% amino acid sequence identity the 
speci?c DGAT proteins as identi?ed in SEQ ID NOS: 04 to 
06, Where sequence identity is determined using GCG, 
supra. 

[0043] The DGAT proteins of the subject invention (e.g. 
human DGAT or a homolog thereof; non-human DGAT 
proteins, e.g. mouse DGAT, plant DGAT) are present in a 
non-naturally occurring environment, eg are separated 
from their naturally occurring environment. In certain 
embodiments, the subject DGAT is present in a composition 
that is enriched for DGAT as compared to DGAT in its 
naturally occurring environment. As such, puri?ed DGAT is 
provided, Where by puri?ed is meant that DGAT is present 
in a composition that is substantially free of non DGAT 
proteins, Where by substantially free is meant that less than 
90%, usually less than 60% and more usually less than 50% 
of the composition is made up of non-DGAT proteins. For 
compositions that are enriched for DGAT proteins, such 
compositions Will exhibit a DGAT activity of at least about 
100, usually at least about 200 and more usually at least 
about 1000 pmol triglycerides formed/mg protein/min, 
Where such activity is determined by the assay described in 
the Experimental Section, infra. 

[0044] In certain embodiments of interest, the DGAT 
protein is present in a composition that is substantially free 
of the constituents that are present in its naturally occurring 
environment. For example, a human DGAT protein com 
prising composition according to the subject invention in 
this embodiment Will be substantially, if not completely, free 
of those other biological constituents, such as proteins, 
carbohydrates, lipids, etc., With Which it is present in its 
natural environment. As such, protein compositions of these 
embodiments Will necessarily differ from those that are 
prepared by purifying the protein from a naturally occurring 
source, Where at least trace amounts of the protein’s con 
stituents Will still be present in the composition prepared 
from the naturally occurring source. 

[0045] The DGAT of the subject invention may also be 
present as an isolate, by Which is meant that the DGAT is 
substantially free of both non-DGAT proteins and other 
naturally occurring biologic molecules, such as oligosaccha 
rides, polynucleotides and fragments thereof, and the like, 
Where substantially free in this instance means that less than 
70%, usually less than 60% and more usually less than 50% 
of the composition containing the isolated DGAT is a 
non-DGAT naturally occurring biological molecule. In cer 
tain embodiments, the DGAT is present in substantially pure 
form, Where by substantially pure form is meant at least 
95%, usually at least 97% and more usually at least 99% 
pure. 

[0046] In addition to the naturally occurring DGAT pro 
teins, DGAT polypeptides Which vary from the naturally 
occurring DGAT proteins are also provided. By DGAT 
polypeptides is meant proteins having an amino acid 
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sequence encoded by an open reading frame (ORF) of a 
DGAT gene, described supra, including the full length 
DGAT protein and fragments thereof, particularly biologi 
cally active fragments and/or fragments corresponding to 
functional domains; and including fusions of the subject 
polypeptides to other proteins or parts thereof. Fragments of 
interest Will typically be at least about 10 aa in length, 
usually at least about 50 aa in length, and may be as long as 
300 aa in length or longer, but Will usually not exceed about 
1000 aa in length, Where the fragment Will have a stretch of 
amino acids that is identical to a DGAT protein of SEQ ID 
NO:5, SEQ ID NO:06, SEQ ID NO:07 or a homolog thereof; 
of at least about 10 aa, and usually at least about 15 aa, and 
in many embodiments at least about 50 aa in length. 

[0047] Preparation of DGAT Polypeptides 

[0048] The subject DGAT proteins and polypeptides may 
be obtained from naturally occurring sources, but are pref 
erably synthetically produced. Where obtained from natu 
rally occurring sources, the source chosen Will generally 
depend on the species from Which the DGAT is to be 
derived. 

[0049] The subject DGAT polypeptide compositions may 
be synthetically derived by expressing a recombinant gene 
encoding DGAT, such as the polynucleotide compositions 
described above, in a suitable host. For expression, an 
expression cassette may be employed. The expression vector 
Will provide a transcriptional and translational initiation 
region, Which may be inducible or constitutive, Where the 
coding region is operably linked under the transcriptional 
control of the transcriptional initiation region, and a tran 
scriptional and translational termination region. These con 
trol regions may be native to a DGAT gene, or may be 
derived from exogenous sources. 

[0050] Expression vectors generally have convenient 
restriction sites located near the promoter sequence to pro 
vide for the insertion of nucleic acid sequences encoding 
heterologous proteins. A selectable marker operative in the 
expression host may be present. Expression vectors may be 
used for the production of fusion proteins, Where the exog 
enous fusion peptide provides additional functionality, i.e. 
increased protein synthesis, stability, reactivity With de?ned 
antisera, an enZyme marker, e.g. -galactosidase, etc. 

[0051] Expression cassettes may be prepared comprising a 
transcription initiation region, the gene or fragment thereof, 
and a transcriptional termination region. Of particular inter 
est is the use of sequences that alloW for the expression of 
functional epitopes or domains, usually at least about 8 
amino acids in length, more usually at least about 15 amino 
acids in length, to about 25 amino acids, and up to the 
complete open reading frame of the gene. After introduction 
of the DNA, the cells containing the construct may be 
selected by means of a selectable marker, the cells expanded 
and then used for expression. 

[0052] DGAT proteins and polypeptides may be expressed 
in prokaryotes or eukaryotes in accordance With conven 
tional Ways, depending upon the purpose for expression. For 
large scale production of the protein, a unicellular organism, 
such as E. coli, B. subtilis, S. cerevisiae, insect cells in 
combination With baculovirus vectors, or cells of a higher 
organism such as vertebrates, particularly mammals, e.g. 
COS 7 cells, may be used as the expression host cells. In 
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some situations, it is desirable to express the DGAT gene in 
eukaryotic cells, Where the DGAT protein Will bene?t from 
native folding and post-translational modi?cations. Small 
peptides can also be synthesized in the laboratory. Polypep 
tides that are subsets of the complete DGAT sequence may 
be used to identify and investigate parts of the protein 
important for function. 

[0053] Speci?c expression systems of interest include 
bacterial, yeast, insect cell and mammalian cell derived 
expression systems. Representative systems from each of 
these categories is are provided beloW: 

[0054] Bacteria. Expression systems in bacteria include 
those described in Chang et al., Nature (1978) 275:615; 
Goeddel et al., Nature (1979) 281:544; Goeddel et al., 
Nucleic Acids Res. (1980) 8:4057; EP 0 036,776; US. Pat. 
No. 4,551,433; DeBoer et al., Proc. Natl. Acad. Sci. (USA) 
(1983) 80:21-25; and Siebenlist et al., Cell (1980) 20:269. 
[0055] Yeast. Expression systems in yeast include those 
described in Hinnen et al., Proc. Natl. Acad. Sci. (USA) 
(1978) 75:1929; Ito et al., J. Bacteriol. (1983) 153:163; 
KurtZ et al., Mol. Cell. Biol. (1986) 6:142; KunZe et al., J. 
Basic Microbiol. (1985) 25:141; Gleeson et al., J. Gen. 
Microbiol. (1986) 132:3459; Roggenkamp et al., Mol. Gen. 
Genet. (1986) 202:302; Das et al., J. Bacteriol. (1984) 
158:1165; De Louvencourt et al., J. Bacteriol. (1983) 
154:737; Van den Berg et al., Bio/Technology (1990) 8:135; 
KunZe et al.,J. Basic Microbiol. (1985) 25:141; Cregg et al., 
Mol. Cell. Biol. (1985) 5:3376; US. Pat. Nos. 4,837,148 and 
4,929,555; Beach and Nurse, Nature (1981) 300:706; Davi 
doW et al., Curr Genet. (1985) 10:380; Gaillardin et al., 
Curr. Genet. (1985) 10:49; Ballance et al., Biochem. Bio 
phys. Res. Commun. (1983) 112:284-289; Tilburn et al., 
Gene (1983) 26:205-221; Yelton et al.,Proc. Natl. Acad. Sci. 
(USA) (1984) 81:1470-1474; Kelly and Hynes, EMBO J. 
(1985) 4:475479; EP 0 244,234; and WO 91/00357. 
[0056] Insect Cells. Expression of heterologous genes in 
insects is accomplished as described in US. Pat. No. 4,745, 
051; Friesen et al., “The Regulation of Baculovirus Gene 
Expression”, in: The Molecular Biology Of Baculoviruses 
(1986) Doer?er, ed.); EP 0 127,839; EP 0 155,476; and 
Vlak et al., J. Gen. Wrol. (1988) 69:765-776; Miller et al., 
Ann. Rev. Microbiol. (1988) 42:177; Carbonell et al., Gene 
(1988) 73:409; Maeda et al., Nature (1985) 315:592-594; 
Lebacq-Verheyden et al., Mol. Cell. Biol. (1988) 8:3129; 
Smith et al., Proc. Natl. Acad. Sci. (USA) (1985) 82:8844; 
Miyajima et al., Gene (1987) 58:273; and Martin et al., DNA 
(1988) 7:99. Numerous baculoviral strains and variants and 
corresponding permissive insect host cells from hosts are 
described in LuckoW et al., Bio/Technology (1988) 6:47-55, 
Miller et al., Generic Engineering (1986) 8:277-279, and 
Maeda et al., Nature (1985) 315:592-594. 
[0057] Mammalian Cells. Mammalian expression is 
accomplished as described in Dijkema et al., EMBO J. 
(1985) 4:761, Gorman et al., Proc. Natl. Acad. Sci. (USA) 
(1982) 79:6777, Boshart et al., Cell (1985) 41:521 and US. 
Pat. No. 4,399,216. Other features of mammalian expression 
are facilitated as described in Ham and Wallace, Meth. Enz. 
(1979) 58:44, Barnes and Sato, Anal. Biochem. (1980) 
102:255, US. Pat. Nos. 4,767,704, 4,657,866, 4,927,762, 
4,560,655, WO 90/103430, WO 87/00195, and US. RE Pat. 
No. 30,985. 
[0058] When any of the above host cells, or other appro 
priate host cells or organisms, are used to replicate and/or 
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express the polynucleotides or nucleic acids of the inven 
tion, the resulting replicated nucleic acid, RNA, expressed 
protein or polypeptide, is Within the scope of the invention 
as a product of the host cell or organism. 

[0059] Once the source of the protein is identi?ed and/or 
prepared, eg a transfected host expressing the protein is 
prepared, the protein is then puri?ed to produce the desired 
DGAT comprising composition. Any convenient protein 
puri?cation procedures may be employed, Where suitable 
protein puri?cation methodologies are described in Guide to 
Protein Puri?cation, (Deuthser ed.) (Academic Press, 1990). 
For example, a lysate may prepared from the original source, 
eg naturally occurring cells or tissues that express DGAT or 
the expression host expressing DGAT, and puri?ed using 
HPLC, exclusion chromatography, gel electrophoresis, 
af?nity chromatography, and the like. 

[0060] Once the gene corresponding to a selected poly 
nucleotide is identi?ed, its expression can be regulated in the 
cell to Which the gene is native. For example, an endogenous 
gene of a cell can be regulated by an exogenous regulatory 
sequence as disclosed in US. Pat. No. 5,641,670; the 
disclosure of Which is herein incorporated by reference. 

[0061] Methods and Compositions Having Research 
Application 

[0062] Also provided by the subject invention are methods 
and compositions having research applications, such as in 
the study of the acylglycerol metabolism, in the identi?ca 
tion of key components of the triglyceride synthesis path 
Way, in the identi?cation of triglyceride synthesis modula 
tory agents, eg DGAT inhibitors or enhancers, and the like. 

[0063] The subject nucleic acid compositions ?nd use in a 
variety of research applications. Research applications of 
interest include: the identi?cation of DGAT homologs; as a 
source of novel promoter elements; the identi?cation of 
DGAT expression regulatory factors; as probes and primers 
in hybridiZation applications, eg PCR; the identi?cation of 
expression patterns in biological specimens; the preparation 
of cell or animal models for DGAT function; the preparation 
of in vitro models for DGAT function; etc. 

[0064] Homologs of DGAT are identi?ed by any of a 
number of methods. A fragment of the provided cDNA may 
be used as a hybridiZation probe against a cDNA library 
from the target organism of interest, Where loW stringency 
conditions are used. The probe may be a large fragment, or 
one or more short degenerate primers. Nucleic acids having 
sequence similarity are detected by hybridiZation under loW 
stringency conditions, for example, at 50° C. and 6><SSC 
(0.9 M sodium chloride/0.09 M sodium citrate) and remain 
bound When subjected to Washing at 55° C. in 1><SSC (0.15 
M sodium chloride/0.015 M sodium citrate). Sequence iden 
tity may be determined by hybridiZation under stringent 
conditions, for example, at 50° C. or higher and 0.1><SSC (15 
mM sodium chloride/01.5 mM sodium citrate). Nucleic 
acids having a region of substantial identity to the provided 
DGAT sequences, e.g. allelic variants, genetically altered 
versions of the gene, etc., bind to the provided DGAT 
sequences under stringent hybridiZation conditions. By 
using probes, particularly labeled probes of DNA sequences, 
one can isolate homologous or related genes. One can also 
use sequence information derived from the polynucleotide 
compositions of the subject invention to prepare electronic 
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“probes” for use in searching of computer based sequence 
date, e.g. BLAST searches EST databases. 

[0065] The sequence of the 5‘ ?anking region of the 
subject nucleic acid compositions may be utilized as a 
source for promoter elements, including enhancer binding 
sites, that provide for developmental regulation in tissues 
Where DGAT is expressed. The tissue speci?c expression is 
useful for determining the pattern of expression, and for 
providing promoters that mimic the native pattern of expres 
sion. Naturally occurring polymorphisms in the promoter 
region are useful for determining natural variations in 
expression, particularly those that may be associated With 
disease. 

[0066] Alternatively, mutations may be introduced into the 
promoter region to determine the effect of altering expres 
sion in experimentally de?ned systems. Methods for the 
identi?cation of speci?c DNA motifs involved in the binding 
of transcriptional factors are knoWn in the art, e.g. sequence 
similarity to knoWn binding motifs, gel retardation studies, 
etc. For examples, see Blackwell et al. (1995), Mol. Med. 
1:194-205; Mortlock et al. (1996), Genome Res. 6:327-33; 
and Joulin and Richard-Foy (1995), Eur J. Biochem. 
232:620-626. 

[0067] The regulatory sequences may be used to identify 
cis acting sequences required for transcriptional or transla 
tional regulation of DGAT gene expression, especially in 
different tissues or stages of development, and to identify cis 
acting sequences and trans-acting factors that regulate or 
mediate DGAT gene expression. Such transcription or trans 
lational control regions may be operably linked to a DGAT 
gene in order to promote expression of Wild type or altered 
DGAT or other proteins of interest in cultured cells, or in 
embryonic, fetal or adult tissues, and for gene therapy. 

[0068] Small DNA fragments are useful as primers for 
PCR, hybridiZation screening probes, etc. Larger DNA frag 
ments, i.e. greater than 100 nt are useful for production of 
the encoded polypeptide, as described in the previous sec 
tion. For use in ampli?cation reactions, such as PCR, a pair 
of primers Will be used. The exact composition of the primer 
sequences is not critical to the invention, but for most 
applications the primers Will hybridiZe to the subject 
sequence under stringent conditions, as knoWn in the art. It 
is preferable to choose a pair of primers that Will generate an 
ampli?cation product of at least about 50 nt, preferably at 
least about 100 nt. Algorithms for the selection of primer 
sequences are generally knoWn, and are available in com 
mercial softWare packages. Ampli?cation primers hybridiZe 
to complementary strands of DNA, and Will prime toWards 
each other. 

[0069] The DNA may also be used to identify expression 
of the gene in a biological specimen. The manner in Which 
one probes cells for the presence of particular nucleotide 
sequences, as genomic DNA or RNA, is Well established in 
the literature. Brie?y, DNA or mRNA is isolated from a cell 
sample. The mRNA may be ampli?ed by RT-PCR, using 
reverse transcriptase to form a complementary DNA strand, 
folloWed by polymerase chain reaction ampli?cation using 
primers speci?c for the subject DNA sequences. Alterna 
tively, the mRNA sample is separated by gel electrophoresis, 
transferred to a suitable support, eg nitrocellulose, nylon, 
etc., and then probed With a fragment of the subject DNA as 
a probe. Other techniques, such as oligonucleotide ligation 
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assays, in situ hybridiZations, and hybridiZation to DNA 
probes arrayed on a solid chip may also ?nd use. Detection 
of mRNA hybridiZing to the subject sequence is indicative 
of DGAT gene expression in the sample. 

[0070] The sequence of a DGAT gene, including ?anking 
promoter regions and coding regions, may be mutated in 
various Ways knoWn in the art to generate targeted changes 
in promoter strength, sequence of the encoded protein, etc. 
The DNA sequence or protein product of such a mutation 
Will usually be substantially similar to the sequences pro 
vided herein, i.e. Will differ by at least one nucleotide or 
amino acid, respectively, and may differ by at least tWo but 
not more than about ten nucleotides or amino acids. The 

sequence changes may be substitutions, insertions, dele 
tions, or a combination thereof. Deletions may further 
include larger changes, such as deletions of a domain or 
exon. Other modi?cations of interest include epitope tag 
ging, eg with the FLAG system, HA, etc. For studies of 
subcellular localiZation, fusion proteins With green ?uores 
cent proteins (GFP) may be used. 

[0071] Techniques for in vitro mutagenesis of cloned 
genes are knoWn. Examples of protocols for site speci?c 
mutagenesis may be found in Gustin et al. (1993), Biotech 
niques 14:22; Barany (1985), Gene 37:111-23; Colicelli et 
al. (1985), Mol. Gen. Genet. 199:537-9; and Prentki et al. 
(1984), Gene 291303-13. Methods for site speci?c mutagen 
esis can be found in Sambrook et al., Molecular Cloning. A 
Laboratory Manual, CSH Press 1989, pp. 15.3-15.108; 
Weiner et al. (1993), Gene 126135-41; Sayers et al. (1992), 
Biotechniques 13:592-6; Jones and Winistorfer (1992), Bio 
techniques 12:528-30; Barton et al. (1990), Nucleic Acids 
Res 18:7349-55; Marotti and Tomich (1989), Gene Anal. 
Tech. 6:67-70; and Zhu (1989), Anal Biochem 177:120-4. 
Such mutated genes may be used to study structure-function 
relationships of DGAT, or to alter properties of the protein 
that affect its function or regulation. 

[0072] The subject nucleic acids can be used to generate 
transgenic hosts, e.g. non-human animals, such as mice, 
coWs, rats, pigs etc., plants, fungi, or site speci?c gene 
modi?cations in cell lines. Examples of transgenic hosts 
(including cells) include hosts in Which the naturally 
expressed, i.e., endogenous, DGAT gene has been disrupted, 
e.g. DGAT knock-outs, as Well as hosts in Which DGAT 
expression has been ampli?ed, eg through introduction of 
additional DGAT copies, Where the copies may be of endog 
enous DGAT sequences, through introduction of strong 
promoter upstream of the DGAT gene, and the like. As such, 
transgenic hosts of interest are hosts that abnormal DGAT 
activity compared to a Wild type control, Where the abnormal 
DGAT activity results from a DGAT genomic modi?cation, 
e.g., a disruption in an endogenous DGAT locus and/or an 
introduction of a DGAT coding sequence into genomic 
DNA. Using the nucleic acid compositions of the subject 
invention, standard protocols knoWn to those of skill in the 
art may used to produce such transgenic hosts that have been 
genetically manipulated With respect to the DGAT gene, i.e., 
DGAT transgenic hosts. 

[0073] Transgenic animals may be made through homolo 
gous recombination, Where the normal DGAT locus is 
altered, eg as in DGAT knockouts. Alternatively, a nucleic 
acid construct is randomly integrated into the genome. 
Vectors for stable integration include plasmids, retroviruses 
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and other animal viruses, YACs, and the like. DNA con 
structs for homologous recombination Will comprise at least 
a portion of the DGAT gene native to the species of the host 
animal, Wherein the gene has the desired genetic modi?ca 
tion(s), and includes regions of homology to the target locus. 
DNA constructs for random integration need not include 
regions of homology to mediate recombination. Conve 
niently, markers for positive and negative selection are 
included. Methods for generating cells having targeted gene 
modi?cations through homologous recombination are 
knoWn in the art. For various techniques for transfecting 
mammalian cells, see KeoWn et al. (1990), Meth. Enzymol. 
185:527-537. 

[0074] For embryonic stem (ES) cells, an ES cell line may 
be employed, or embryonic cells may be obtained freshly 
from a host, e.g. mouse, rat, guinea pig, coW, etc. Such cells 
are groWn on an appropriate ?broblast-feeder layer or groWn 
in the presence of leukemia inhibiting factor (LIF). When ES 
or embryonic cells have been transformed, they may be used 
to produce transgenic animals. After transformation, the 
cells are plated onto a feeder layer in an appropriate 
medium. Cells containing the construct may be detected by 
employing a selective medium. After sufficient time for 
colonies to groW, they are picked and analyZed for the 
occurrence of homologous recombination or integration of 
the construct. Those colonies that are positive may then be 
used for embryo manipulation and blastocyst injection. 
Blastocysts are obtained from 4 to 6 Week old superovulated 
females. The ES cells are trypsiniZed, and the modi?ed cells 
are injected into the blastocoel of the blastocyst. After 
injection, the blastocysts are returned to each uterine horn of 
pseudopregnant females. Females are then alloWed to go to 
term and the resulting offspring screened for the construct. 
By providing for a different phenotype of the blastocyst and 
the genetically modi?ed cells, chimeric progeny can be 
readily detected. 

[0075] The resultant chimeric animals are screened for the 
presence of the modi?ed gene and males and females having 
the modi?cation are mated to produce homoZygous progeny. 
If the gene alterations cause lethality at some pointin devel 
opment, tissues or organs can be maintained as allogeneic or 
congenic grafts or transplants, or in in vitro culture. The 
transgenic animals may be any non-human mammal, such as 
laboratory animals, domestic animals, etc. 

[0076] Transgenic plants may be produced in a similar 
manner. Methods of preparing transgenic plant cells and 
plants are described in US. Pat. Nos. 5,767,367; 5,750,870; 
5,739,409; 5,689,049; 5,689,045; 5,674,731; 5,656,466; 
5,633,155; 5,629,470; 5,595,896; 5,576,198; 5,538,879; 
5,484,956; the disclosures of Which are herein incorporated 
by reference. Methods of producing transgenic plants are 
also revieWed in Plant Biochemistry and Molecular Biology 
(eds Lea & Leegood, John Wiley & Sons)(1993) pp 275 
295. In brief, a suitable plant cell or tissue is harvested, 
depending on the nature of the plant species. As such, in 
certain instances, protoplasts Will be isolated, Where such 
protoplasts may be isolated from a variety of different plant 
tissues, e. g. leaf, hypoctyl, root, etc. For protoplast isolation, 
the harvested cells are incubated in the presence of cellu 
lases in order to remove the cell Wall, Where the exact 
incubation conditions vary depending on the type of plant 
and/or tissue from Which the cell is derived. The resultant 
protoplasts are then separated from the resultant cellular 
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debris by sieving and centrifugation. Instead of using pro 
toplasts, embryogenic explants comprising somatic cells 
may be used for preparation of the transgenic host. FolloW 
ing cell or tissue harvesting, exogenous DNA of interest is 
introduced into the plant cells, Where a variety of different 
techniques are available for such introduction. With isolated 
protoplasts, the opportunity arise for introduction via DNA 
mediated gene transfer protocols, including: incubation of 
the protoplasts With naked DNA, e.g. plasmids, comprising 
the exogenous coding sequence of interest in the presence of 
polyvalent cations, e.g. PEG or PLO; and electroporation of 
the protoplasts in the presence of naked DNA comprising the 
exogenous sequence of interest. Protoplasts that have suc 
cessfully taken up the exogenous DNA are then selected, 
groWn into a callus, and ultimately into a transgenic plant 
through contact With the appropriate amounts and ratios of 
stimulatory factors, eg auxins and cytokinins. With 
embryogenic explants, a convenient method of introducing 
the exogenous DNA in the target somatic cells is through the 
use of particle acceleration or “gene-gun” protocols. The 
resultant explants are then alloWed to groW into chimera 
plants, cross-bred and transgenic progeny are obtained. 
Instead of the naked DNA approaches described above, 
another convenient method of producing transgenic plants is 
Agrobacterium mediated transformation. With Agrobacte 
rium mediated transformation, co-integrative or binary vec 
tors comprising the exogenous DNA are prepared and then 
introduced into an appropriate Agrobacterium strain, eg A. 
tumefaciens. The resultant bacteria are then incubated With 
prepared protoplasts or tissue explants, e.g. leaf disks, and a 
callus is produced. The callus is then groWn under selective 
conditions, selected and subjected to groWth media to induce 
root and shoot groWth to ultimately produce a transgenic 
plant. 

[0077] The modi?ed cells, animals or plants are useful in 
the study of DGAT function and regulation. For example, a 
series of small deletions and/or substitutions may be made in 
the host’s native DGAT gene to determine the role of 
different exons in various physiological processes. Speci?c 
constructs of interest include anti-sense DGAT, Which Will 
block DGAT expression, expression of dominant negative 
DGAT mutations, and over-expression of DGAT genes. 
Where a DGAT sequence is introduced, the introduced 
sequence may be either a complete or partial sequence of a 
DGAT gene native to the host, or may be a complete or 
partial DGAT sequence that is exogenous to the host animal, 
e.g., a human DGAT sequence. Adetectable marker, such as 
lac Z may be introduced into the DGAT locus, Where 
upregulation of DGAT gene expression Will result in an 
easily detected change in phenotype. One may also provide 
for expression of the DGAT gene or variants thereof in cells 
or tissues Where it is not normally expressed, at levels not 
normally present in such cells or tissues, or at abnormal 
times of development, e.g., by introducing suitable expres 
sion cassettes (such as ones having a DGAT coding sequence 
operably linked to a detectable marker sequence). The 
transgenic hosts, e.g. animals, plants, etc., may be used in 
functional studies, drug screening, etc., eg to determine the 
effect of a candidate drug on DGAT activity, to identify 
drugs that reduce serum triglyceride levels, etc. For 
example, one can assay a candidate agent’s ability to modu 
late DGAT expression by contacting an appropriate expres 
sion cassette With the agent and determining the effect of the 
agent on expression. 
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[0078] The subject polypeptide compositions can be used 
to produce in vitro models of triglyceride synthesis, Where 
such models Will consist of the subject DGAT proteins and 
other components of triglyceride synthesis, e.g. substrates, 
such as diacylglycerol or metabolic precersors thereof, fatty 
acyl CoAs and the like, other components of the triacylg 
lycerol synthetase complex, e.g. acyl CoA ligase, acyl CoA 
acyltransferase, monoacyl glycerol acyltransferase, etc. 

[0079] Also provided by the subject invention are screen 
ing assays designed to ?nd modulatory agents of DGAT 
activity, eg inhibitors or enhancers of DGAT activity, as 
Well as the agents identi?ed thereby, Where such agents may 
?nd use in a variety of applications, including as therapeutic 
agents, as agricultural chemicals, etc. The screening meth 
ods Will typically be assays Which provide for qualitative/ 
quantitative measurements of DGAT activity in the presence 
of a particular candidate therapeutic agent. For example, the 
assay could be an assay Which measures the acylation 
activity of DGAT in the presence and absence of a candidate 
inhibitor agent. The screening method may be an in vitro or 
in vivo format, Where both formats are readily developed by 
those of skill in the art. Depending on the particular method, 
one or more of, usually one of, the components of the 
screening assay may be labeled, Where by labeled is meant 
that the components comprise a detectable moiety, eg a 
?uorescent or radioactive tag, or a member of a signal 
producing system, eg biotin for binding to an enZyme 
streptavidin conjugate in Which the enZyme is capable of 
converting a substrate to a chromogenic product. Where in 
vitro assays are employed, the various components of the in 
vitro assay, eg the substrate, the donor, the DGAT protein 
and the candidate inhibitor, etc. are combined in a assay 
mixture under conditions sufficient for DGAT activity to 
occur, as described in the experimental section, infra. 

[0080] A variety of other reagents may be included in the 
screening assay and reaction mixture. These include 
reagents like salts, neutral proteins, e.g. albumin, detergents, 
etc that are used to facilitate optimal protein-protein binding 
and/or reduce non-speci?c or background interactions. 
Reagents that improve the ef?ciency of the assay, such as 
protease inhibitors, nuclease inhibitors, anti-microbial 
agents, etc. may be used. 

[0081] A variety of different candidate agents may be 
screened by the above methods. Candidate agents encom 
pass numerous chemical classes, though typically they are 
organic molecules, preferably small organic compounds 
having a molecular Weight of more than 50 and less than 
about 2,500 daltons. Candidate agents comprise functional 
groups necessary for structural interaction With proteins, 
particularly hydrogen bonding, and typically include at least 
an amine, carbonyl, hydroxyl or carboxyl group, preferably 
at least tWo of the functional chemical groups. The candidate 
agents often comprise cyclical carbon or heterocyclic struc 
tures and/or aromatic or polyaromatic structures substituted 
With one or more of the above functional groups. Candidate 
agents are also found among biomolecules including pep 
tides, saccharides, fatty acids, steroids, purines, pyrimidines, 
derivatives, structural analogs or combinations thereof. 

[0082] Candidate agents are obtained from a Wide variety 
of sources including libraries of synthetic or natural com 
pounds. For example, numerous means are available for 
random and directed synthesis of a Wide variety of organic 
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compounds and biomolecules, including expression of ran 
domiZed oligonucleotides and oligopeptides. Alternatively, 
libraries of natural compounds in the form of bacterial, 
fungal, plant and animal extracts are available or readily 
produced. Additionally, natural or synthetically produced 
libraries and compounds are readily modi?ed through con 
ventional chemical, physical and biochemical means, and 
may be used to produce combinatorial libraries. KnoWn 
pharmacological agents may be subjected to directed or 
random chemical modi?cations, such as acylation, alkyla 
tion, esteri?cation, amidi?cation, etc. to produce structural 
analogs. 

[0083] Using the above screening methods, a variety of 
different therapeutic agents may be identi?ed. Such agents 
may target the enZyme itself, or an expression regulator 
factor thereof. Such agents may inhibitors or promoters of 
DGAT activity, Where inhibitors are those agents that result 
in at least a reduction of DGAT activity as compared to a 
control and enhancers result in at least an increase in DGAT 
activity as compared to a control. Such agents may be ?nd 
use in a variety of therapeutic applications, as described in 
greater detail beloW. 

[0084] Methods and Compositions Having Medical Appli 
cations 

[0085] The methods and compositions of the subject 
invention also have broad ranging applications in a variety 
of medical applications, including diagnostic screening, 
therapeutic treatments of pathological conditions, in the 
regulation of DGAT activity in desirable Ways, and the like. 

[0086] The subject invention provides methods of screen 
ing individuals for a predisposition to a disease state or the 
presence of disease state, Where such screening may focus 
on the presence of one or more markers, such as a mutated 
DGAT gene or expression regulatory element thereof, 
observed levels of DGAT; the expression level of the DGAT 
gene in a biological sample of interest; and the like. 

[0087] Samples, as used herein, include biological ?uids 
such as blood, cerebrospinal ?uid, tears, saliva, lymph, 
semen, dialysis ?uid and the like; organ or tissue culture 
derived ?uids; and ?uids extracted from physiological tis 
sues. Also included in the term are derivatives and fractions 
of such ?uids. The cells may be dissociated, in the case of 
solid tissues, or tissue sections may be analyZed. Alterna 
tively a lysate of the cells may be prepared. 

[0088] Anumber of methods are available for determining 
the expression level of a gene or protein in a particular 
sample. Diagnosis may be performed by a number of 
methods to determine the absence or presence or altered 
amounts of normal or abnormal DGAT in a patient sample. 
For example, detection may utiliZe staining of cells or 
histological sections With labeled antibodies, performed in 
accordance With conventional methods. Cells are permeabi 
liZed to stain cytoplasmic molecules. The antibodies of 
interest are added to the cell sample, and incubated for a 
period of time suf?cient to alloW binding to the epitope, 
usually at least about 10 minutes. The antibody may be 
labeled With radioisotopes, enZymes, ?uorescers, chemilu 
minescers, or other labels for direct detection. Alternatively, 
a second stage antibody or reagent is used to amplify the 
signal. Such reagents are Well knoWn in the art. For example, 
the primary antibody may be conjugated to biotin, With 
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horseradish peroxidase-conjugated avidin added as a second 
stage reagent. Alternatively, the secondary antibody conju 
gated to a ?ourescent compound, eg ?uorescein, 
rhodamine, Texas red, etc. Final detection uses a substrate 
that undergoes a color change in the presence of the per 
oxidase. The absence or presence of antibody binding may 
be determined by various methods, including ?oW cytom 
etry of dissociated cells, microscopy, radiography, scintilla 
tion counting, etc. 

[0089] Alternatively, one may focus on the expression of 
DGAT. Biochemical studies may be performed to determine 
Whether a sequence polymorphism in a DGAT coding region 
or control regions is associated With disease. Disease asso 
ciated polymorphisms may include deletion or truncation of 
the gene, mutations that alter expression level, that affect the 
activity of the protein, etc. 

[0090] Changes in the promoter or enhancer sequence that 
may affect expression levels of DGAT can be compared to 
expression levels of the normal allele by various methods 
knoWn in the art. Methods for determining promoter or 
enhancer strength include quantitation of the expressed 
natural protein; insertion of the variant control element into 
a vector With a reporter gene such as [3-galactosidase, 
luciferase, chloramphenicol acetyltransferase, etc. that pro 
vides for convenient quantitation; and the like. 

[0091] A number of methods are available for analyZing 
nucleic acids for the presence of a speci?c sequence, eg a 
disease associated polymorphism. Where large amounts of 
DNA are available, genomic DNA is used directly. Alterna 
tively, the region of interest is cloned into a suitable vector 
and groWn in suf?cient quantity for analysis. Cells that 
express DGAT may be used as a source of mRNA, Which 
may be assayed directly or reverse transcribed into cDNA 
for analysis. The nucleic acid may be ampli?ed by conven 
tional techniques, such as the polymerase chain reaction 
(PCR), to provide suf?cient amounts for analysis. The use of 
the polymerase chain reaction is described in Saiki, et al 
(1985), Science 239:487, and a revieW of techniques may be 
found in Sambrook, et al. Molecular Cloning.'A Laboratory 
Manual, CSH Press 1989, pp.14.2-14.3.3. Alternatively, 
various methods are knoWn in the art that utiliZe oligonucle 
otide ligation as a means of detecting polymorphisms, for 
examples see Riley et al. (1990), Nucl. Acids Res. 18:2887 
2890; and Delahunty et al. (1996), Am. J. Hum. Genet. 
58:1239-1246. 

[0092] A detectable label may be included in an ampli? 
cation reaction. Suitable labels include ?uorochromes, e.g. 
?uorescein isothiocyanate (FITC), rhodamine, Texas Red, 
phycoerythrin, allophycocyanin, 6-carboxy?uorescein 
(6-FAM), 2‘,7‘-dimethoxy-4‘,5‘-dichloro-6-carboxy?uores 
cein (JOE), 6-carboxy-X-rhodamine (ROX), 6-carboxy-2‘, 
4‘,7‘,4,7-hexachloro?uorescein (HEX), 5-carboxy?uores 
cein (5-FAM) or N,N,N‘,N‘-tetramethyl-6 
carboxyrhodamine (TAMRA), radioactive labels, e.g. 32F, 
35S, 3H; etc. The label may be a tWo stage system, Where the 
ampli?ed DNA is conjugated to biotin, haptens, etc. having 
a high af?nity binding partner, e.g. avidin, speci?c antibod 
ies, etc., Where the binding partner is conjugated to a 
detectable label. The label may be conjugated to one or both 
of the primers. Alternatively, the pool of nucleotides used in 
the ampli?cation is labeled, so as to incorporate the label 
into the ampli?cation product. 
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[0093] The sample nucleic acid, eg ampli?ed or cloned 
fragment, is analyZed by one of a number of methods knoWn 
in the art. The nucleic acid may be sequenced by dideoxy or 
other methods, and the sequence of bases compared to a 
Wild-type DGAT sequence. Hybridization With the variant 
sequence may also be used to determine its presence, by 
Southern blots, dot blots, etc. The hybridiZation pattern of a 
control and variant sequence to an array of oligonucleotide 
probes immobiliZed on a solid support, as described in US. 
Pat. No. 5,445,934, or in WO 95/35505, may also be used as 
a means of detecting the presence of variant sequences. 
Single strand conformational polymorphism (SSCP) analy 
sis, denaturing gradient gel electrophoresis (DGGE), and 
heteroduplex analysis in gel matrices are used to detect 
conformational changes created by DNA sequence variation 
as alterations in electrophoretic mobility. Alternatively, 
Where a polymorphism creates or destroys a recognition site 
for a restriction endonuclease, the sample is digested With 
that endonuclease, and the products siZe fractionated to 
determine Whether the fragment Was digested. Fractionation 
is performed by gel or capillary electrophoresis, particularly 
acrylamide or agarose gels. 

[0094] Screening for mutations in DGAT may be based on 
the functional or antigenic characteristics of the protein. 
Protein truncation assays are useful in detecting deletions 
that may affect the biological activity of the protein. Various 
immunoassays designed to detect polymorphisms in DGAT 
proteins may be used in screening. Where many diverse 
genetic mutations lead to a particular disease phenotype, 
functional protein assays have proven to be effective screen 
ing tools. The activity of the encoded DGAT protein may be 
determined by comparison With the Wild-type protein. 

[0095] Diagnostic methods of the subject invention in 
Which the level of DGAT expression is of interest Will 
typically involve comparison of the DGAT nucleic acid 
abundance of a sample of interest With that of a control value 
to determine any relative differences, Where the difference 
may be measured qualitatively and/or quantitatively, Which 
differences are then related to the presence or absence of an 
abnormal DGAT expression pattern. A variety of different 
methods for determining the nucleic acid abundance in a 
sample are knoWn to those of skill in the art, Where particular 
methods of interest include those described in: Pietu et al., 
Genome Res. (June 1996) 6: 492-503; Zhao et al., Gene 
(Apr. 24, 1995) 156: 207-213; Soares, Curr. Opin. Biotech 
nol. (October 1997) 6: 542-546; Raval, J. Pharmacol Toxicol 
Methods (November 1994) 32: 125-127; Chalifour et al., 
Anal. Biochem (Feb. 1, 1994) 216: 299-304; StolZ & Tuan, 
Mol. Biotechnol. (December 19960 6: 225-230; Hong et al., 
Bioscience Reports (1982) 2: 907; and McGraW, Anal. 
Biochem. (1984) 143: 298. Also of interest are the methods 
disclosed in WO 97/27317, the disclosure of Which is herein 
incorporated by reference. 

[0096] The subject diagnostic or screening methods may 
be used to identify the presence of, or predisposition to, 
disease conditions associated With acylglycerol metabolism, 
particularly those associated With DGAT and/or DGAT-2 
activity. Such disease conditions include: hyperlipidemia 
(including excess serum triglyceride levels), cardiovascular 
disease, obesity, diabetes, cancer, neurological disorders, 
immunological disorders, and the like. 

[0097] Also provided are methods of regulating, including 
enhancing and inhibiting, DGAT activity in a host. Avariety 
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of situations arise Where modulation of DGAT activity in a 
host is desired, Where such conditions include disease con 
ditions associated With DGAT activity and non-disease 
conditions in Which a modulation of DGAT activity is 
desired for a variety of different reasons, e.g. cosmetic 
Weight control. 

[0098] For the modulation of DGAT activity in a host, an 
effective amount of active agent that modulates the activity, 
e.g. reduces the activity, of DGAT in vivo, is administered 
to the host. The active agent may be a variety of different 
compounds, including: the polynucleotide compositions of 
the subject invention, the polypeptide compositions of the 
subject invention, a naturally occurring or synthetic small 
molecule compound, an antibody, fragment or derivative 
thereof, an antisense composition, and the like. 

[0099] The nucleic acid compositions of the subject inven 
tion ?nd use as therapeutic agents in situations Where one 
Wishes to enhance DGAT activity in a host, e.g. in a 
mammalian host in Which DGAT activity is loW resulting in 
a disease condition, etc. The DGAT genes, gene fragments, 
or the encoded DGAT protein or protein fragments are useful 
in gene therapy to treat disorders associated With DGAT 
defects. Expression vectors may be used to introduce the 
DGAT gene into a cell. Such vectors generally have conve 
nient restriction sites located near the promoter sequence to 
provide for the insertion of nucleic acid sequences. Tran 
scription cassettes may be prepared comprising a transcrip 
tion initiation region, the target gene or fragment thereof, 
and a transcriptional termination region. The transcription 
cassettes may be introduced into a variety of vectors, e.g. 
plasmid; retrovirus, e.g. lentivirus; adenovirus; and the like, 
Where the vectors are able to transiently or stably be main 
tained in the cells, usually for a period of at least about one 
day, more usually for a period of at least about several days 
to several Weeks. 

[0100] Naturally occurring or synthetic small molecule 
compounds of interest include numerous chemical classes, 
though typically they are organic molecules, preferably 
small organic compounds having a molecular Weight of 
more than 50 and less than about 2,500 daltons. Candidate 
agents comprise functional groups necessary for structural 
interaction With proteins, particularly hydrogen bonding, 
and typically include at least an amine, carbonyl, hydroxyl 
or carboxyl group, preferably at least tWo of the functional 
chemical groups. The candidate agents often comprise cycli 
cal carbon or heterocyclic structures and/or aromatic or 
polyaromatic structures substituted With one or more of the 
above functional groups. Candidate agents are also found 
among biomolecules including peptides, saccharides, fatty 
acids, steroids, purines, pyrimidines, derivatives, structural 
analogs or combinations thereof. Of particular interest are 
those agents identi?ed by the screening assays of the subject 
invention, as described above. 

[0101] Also of interest as active agents are antibodies that 
modulate, e.g. reduce, if not inhibit, DGAT activity in the 
host. Suitable antibodies are obtained by immuniZing a host 
animal With peptides comprising all or a portion of a DGAT 
protein, such as the DGAT polypeptide compositions of the 
subject invention. Suitable host animals include mouse, rat 
sheep, goat, hamster, rabbit, etc. The origin of the protein 
immunogen may be mouse, human, rat, monkey etc. The 
host animal Will generally be a different species than the 
immunogen, e.g. human DGAT used to immuniZe mice, etc. 
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[0102] The immunogen may comprise the complete pro 
tein, or fragments and derivatives thereof. Preferred immu 
nogens comprise all or a part of DGAT, Where these residues 
contain the post-translation modi?cations, such as glycosy 
lation, found on the native DGAT. Immunogens comprising 
the extracellular domain are produced in a variety of Ways 
knoWn in the art, e.g. expression of cloned genes using 
conventional recombinant methods, isolation from HEC, 
etc. 

[0103] For preparation of polyclonal antibodies, the ?rst 
step is immuniZation of the host animal With DGAT, Where 
the DGAT Will preferably be in substantially pure form, 
comprising less than about 1% contaminant. The immuno 
gen may comprise complete DGAT, fragments or derivatives 
thereof. To increase the immune response of the host animal, 
the DGAT may be combined With an adjuvant, Where 
suitable adjuvants include alum, dextran, sulfate, large poly 
meric anions, oil & Water emulsions, e.g. Freund’s adjuvant, 
Freund’s complete adjuvant, and the like. The DGAT may 
also be conjugated to synthetic carrier proteins or synthetic 
antigens. A variety of hosts may be immuniZed to produce 
the polyclonal antibodies. Such hosts include rabbits, guinea 
pigs, rodents, e.g. mice, rats, sheep, goats, and the like. The 
DGAT is administered to the host, usually intradermally, 
With an initial dosage folloWed by one or more, usually at 
least tWo, additional booster dosages. FolloWing immuniZa 
tion, the blood from the host Will be collected, folloWed by 
separation of the serum from the blood cells. The Ig present 
in the resultant antiserum may be further fractionated using 
knoWn methods, such as ammonium salt fractionation, 
DEAE chromatography, and the like. 

[0104] Monoclonal antibodies are produced by conven 
tional techniques. Generally, the spleen and/or lymph nodes 
of an immuniZed host animal provide a source of plasma 
cells. The plasma cells are immortaliZed by fusion With 
myeloma cells to produce hybridoma cells. Culture super 
natant from individual hybridomas is screened using stan 
dard techniques to identify those producing antibodies With 
the desired speci?city. Suitable animals for production of 
monoclonal antibodies to the human protein include mouse, 
rat, hamster, etc. To raise antibodies against the mouse 
protein, the animal Will generally be a hamster, guinea pig, 
rabbit, etc. The antibody may be puri?ed from the hybri 
doma cell supernatants or ascites ?uid by conventional 
techniques, e. g. af?nity chromatography using DGAT bound 
to an insoluble support, protein A sepharose, etc. 

[0105] The antibody may be produced as a single chain, 
instead of the normal multimeric structure. Single chain 
antibodies are described in Jost et al. (1994) J.B. C. 
269:26267-73, and others. DNA sequences encoding the 
variable region of the heavy chain and the variable region of 
the light chain are ligated to a spacer encoding at least about 
4 amino acids of small neutral amino acids, including 
glycine and/or serine. The protein encoded by this fusion 
alloWs assembly of a functional variable region that retains 
the speci?city and af?nity of the original antibody. 

[0106] For in vivo use, particularly for injection into 
humans, it is desirable to decrease the antigenicity of the 
antibody. An immune response of a recipient against the 
blocking agent Will potentially decrease the period of time 
that the therapy is effective. Methods of humaniZing anti 
bodies are knoWn in the art. The humaniZed antibody may be 
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the product of an animal having transgenic human immu 
noglobulin constant region genes (see for example Interna 
tional Patent Applications WO 90/10077 and WO 
90/04036). Alternatively, the antibody of interest may be 
engineered by recombinant DNA techniques to substitute the 
CH1, CH2, CH3, hinge domains, and/or the framework 
domain With the corresponding human sequence (see WO 
92/02190). 
[0107] The use of Ig cDNA for construction of chimeric 
immunoglobulin genes is knoWn in the art (Liu et al. (1987) 
RN.A.S. 84:3439 and (1987) J. Immunol. 139:3521). mRNA 
is isolated from a hybridoma or other cell producing the 
antibody and used to produce cDNA. The cDNA of interest 
may be ampli?ed by the polymerase chain reaction using 
speci?c primers (US. Pat. Nos. 4,683,195 and 4,683,202). 
Alternatively, a library is made and screened to isolate the 
sequence of interest. The DNA sequence encoding the 
variable region of the antibody is then fused to human 
constant region sequences. The sequences of human con 
stant regions genes may be found in Kabat et al. (1991) 
Sequences of Proteins of Immunological Interest, N.I.H. 
publication no. 91-3242. Human C region genes are readily 
available from knoWn clones. The choice of isotype Will be 
guided by the desired effector functions, such as comple 
ment ?xation, or activity in antibody-dependent cellular 
cytotoxicity. Preferred isotypes are IgG1, IgG3 and IgG4. 
Either of the human light chain constant regions, kappa or 
lambda, may be used. The chimeric, humaniZed antibody is 
then expressed by conventional methods. 

[0108] Antibody fragments, such as Fv, F(ab‘)2 and Fab 
may be prepared by cleavage of the intact protein, eg by 
protease or chemical cleavage. Alternatively, a truncated 
gene is designed. For example, a chimeric gene encoding a 
portion of the F(ab‘)2 fragment Would include DNA 
sequences encoding the CH1 domain and hinge region of the 
H chain, folloWed by a translational stop codon to yield the 
truncated molecule. 

[0109] Consensus sequences of H and L J regions may be 
used to design oligonucleotides for use as primers to intro 
duce useful restriction sites into the J region for subsequent 
linkage of V region segments to human C region segments. 
C region cDNA can be modi?ed by site directed mutagen 
esis to place a restriction site at the analogous position in the 
human sequence. 

[0110] Expression vectors include plasmids, retroviruses, 
YACs, EBV derived episomes, and the like. A convenient 
vector is one that encodes a functionally complete human 
CH or CL immunoglobulin sequence, With appropriate 
restriction sites engineered so that any VH or VL sequence 
can be easily inserted and expressed. In such vectors, 
splicing usually occurs betWeen the splice donor site in the 
inserted J region and the splice acceptor site preceding the 
human C region, and also at the splice regions that occur 
Within the human CH exons. Polyadenylation and transcrip 
tion termination occur at native chromosomal sites doWn 
stream of the coding regions. The resulting chimeric anti 
body may be joined to any strong promoter, including 
retroviral LTRs, e.g. SV-40 early promoter, (Okayama et al. 
(1983) Mol. Cell. Bio. 3:280), Rous sarcoma virus LTR 
(Gorman et al. (1982) RNAS. 79:6777), and moloney 
murine leukemia virus LTR (Grosschedl et al. (1985) Cell 
41:885); native Ig promoters, etc. 
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[0111] In yet other embodiments of the invention, the 
active agent is an agent that modulates, and generally 
decreases or doWn regulates, the expression of DGAT in the 
host. Antisense molecules can be used to doWn-regulate 
expression of DGAT in cells. The anti-sense reagent may be 
antisense oligonucleotides (ODN), particularly synthetic 
ODN having chemical modi?cations from native nucleic 
acids, or nucleic acid constructs that express such anti-sense 
molecules as RNA. The antisense sequence is complemen 
tary to the mRNA of the targeted gene, and inhibits expres 
sion of the targeted gene products. Antisense molecules 
inhibit gene expression through various mechanisms, eg by 
reducing the amount of mRNA available for translation, 
through activation of RNAse H, or steric hindrance. One or 
a combination of antisense molecules may be administered, 
Where a combination may comprise multiple different 
sequences. 

[0112] Antisense molecules may be produced by expres 
sion of all or a part of the target gene sequence in an 
appropriate vector, Where the transcriptional initiation is 
oriented such that an antisense strand is produced as an RNA 
molecule. Alternatively, the antisense molecule is a synthetic 
oligonucleotide. Antisense oligonucleotides Will generally 
be at least about 7, usually at least about 12, more usually at 
least about 20 nucleotides in length, and not more than about 
500, usually not more than about 50, more usually not more 
than about 35 nucleotides in length, Where the length is 
governed by ef?ciency of inhibition, speci?city, including 
absence of cross-reactivity, and the like. It has been found 
that short oligonucleotides, of from 7 to 8 bases in length, 
can be strong and selective inhibitors of gene expression 
(see Wagner et al. (1996), Nature Biotechnol. 14:840-844). 

[0113] A speci?c region or regions of the endogenous 
sense strand mRNA sequence is chosen to be complemented 
by the antisense sequence. Selection of a speci?c sequence 
for the oligonucleotide may use an empirical method, Where 
several candidate sequences are assayed for inhibition of 
expression of the target gene in an in vitro or animal model. 
Acombination of sequences may also be used, Where several 
regions of the mRNA sequence are selected for antisense 
complementation. 

[0114] Antisense oligonucleotides may be chemically syn 
thesiZed by methods knoWn in the art (see Wagner et al. 
(1993), supra, and Milligan et al., supra.) Preferred oligo 
nucleotides are chemically modi?ed from the native phos 
phodiester structure, in order to increase their intracellular 
stability and binding af?nity. A number of such modi?ca 
tions have been described in the literature, Which alter the 
chemistry of the backbone, sugars or heterocyclic bases. 

[0115] Among useful changes in the backbone chemistry 
are phosphorothioates; phosphorodithioates, Where both of 
the non-bridging oxygens are substituted With sulfur; phos 
phoroamidites; alkyl phosphotriesters and boranophos 
phates. Achiral phosphate derivatives include 3‘-O-5‘-S 
phosphorothioate, 3‘-S-5‘-O-phosphorothioate, 3‘-CH2-5‘ 
O-phosphonate and 3‘-NH-5‘-O-phosphoroamidate. Peptide 
nucleic acids replace the entire ribose phosphodiester back 
bone With a peptide linkage. Sugar modi?cations are also 
used to enhance stability and af?nity. The ot-anomer of 
deoxyribose may be used, Where the base is inverted With 
respect to the natural [3-anomer. The 2‘-OH of the ribose 
sugar may be altered to form 2‘-O-methyl or 2‘-O-allyl 
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sugars, Which provides resistance to degradation Without 
comprising af?nity. Modi?cation of the heterocyclic bases 
must maintain proper base pairing. Some useful substitu 
tions include deoxyuridine for deoxythymidine; 5-methyl 
2‘-deoxycytidine and 5-bromo-2‘-deoxycytidine for deoxy 
cytidine. 5-propynyl-2‘-deoxyuridine and 5-propynyl-2‘ 
deoxycytidine have been shoWn to increase af?nity and 
biological activity When substituted for deoxythymidine and 
deoxycytidine, respectively. 

[0116] As an alternative to anti-sense inhibitors, catalytic 
nucleic acid compounds, eg riboZymes, anti-sense conju 
gates, etc. may be used to inhibit gene expression. 
RiboZymes may be synthesiZed in vitro and administered to 
the patient, or may be encoded on an expression vector, from 
Which the riboZyme is synthesiZed in the targeted cell (for 
example, see International patent application WO 9523225, 
and Beigelman et al. (1995), Nucl. Acids Res. 23:4434-42). 
Examples of oligonucleotides With catalytic activity-are 
described in WO 9506764. Conjugates of anti-sense ODN 
With a metal complex, e.g. terpyridylCu(II), capable of 
mediating mRNA hydrolysis are described in Bashkin et al. 
(1995), Appl. Biochem. Biotechnol. 54:43-56. 

[0117] As mentioned above, an effective amount of the 
active agent is administered to the host, Where “effective 
amount” means a dosage sufficient to produce a desired 
result, Where the desired result in the desired modulation, 
e.g. enhancement, reduction, of DGAT activity. 

[0118] In the subject methods, the active agent(s) may be 
administered to the host using any convenient means 
capable of resulting in the desired effect. Thus, the agent can 
be incorporated into a variety of formulations for therapeutic 
administration. More particularly, the agents of the present 
invention can be formulated into pharmaceutical composi 
tions by combination With appropriate, pharmaceutically 
acceptable carriers or diluents, and may be formulated into 
preparations in solid, semi-solid, liquid or gaseous forms, 
such as tablets, capsules, poWders, granules, ointments, 
solutions, suppositories, injections, inhalants and aerosols. 

[0119] As such, administration of the agents can be 
achieved in various Ways, including oral, buccal, rectal, 
parenteral, intraperitoneal, intradermal, transdermal, intrac 
heal, etc., administration. 

[0120] In pharmaceutical dosage forms, the agents may be 
administered in the form of their pharmaceutically accept 
able salts, or they may also be used alone or in appropriate 
association, as Well as in combination, With other pharma 
ceutically active compounds. The folloWing methods and 
excipients are merely exemplary and are in no Way limiting. 

[0121] For oral preparations, the agents can be used alone 
or in combination With appropriate additives to make tablets, 
poWders, granules or capsules, for example, With conven 
tional additives, such as lactose, mannitol, corn starch or 
potato starch; With binders, such as crystalline cellulose, 
cellulose derivatives, acacia, corn starch or gelatins; With 
disintegrators, such as corn starch, potato starch or sodium 
carboxymethylcellulose; With lubricants, such as talc or 
magnesium stearate; and if desired, With diluents, buffering 
agents, moistening agents, preservatives and ?avoring 
agents. 

[0122] The agents can be formulated into preparations for 
injection by dissolving, suspending or emulsifying them in 
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an aqueous or nonaqueous solvent, such as vegetable or 
other similar oils, synthetic aliphatic acid glycerides, esters 
of higher aliphatic acids or propylene glycol; and if desired, 
With conventional additives such as solubiliZers, isotonic 
agents, suspending agents, emulsifying agents, stabiliZers 
and preservatives. 

[0123] The agents can be utiliZed in aerosol formulations 
to be administered via inhalation. The compounds of the 
present invention can be formulated into pressuriZed accept 
able propellants such as dichlorodi?uoromethane, propane, 
nitrogen and the like. 

[0124] Furthermore, the agents can be made into supposi 
tories by mixing With a variety of bases such as emulsifying 
bases or Water-soluble bases. The compounds of the present 
invention can be administered rectally via a suppository. The 
suppository can include vehicles such as cocoa butter, 
carboWaxes and polyethylene glycols, Which melt at body 
temperature, yet are solidi?ed at room temperature. 

[0125] Unit dosage forms for oral or rectal administration 
such as syrups, elixirs, and suspensions may be provided 
Wherein each dosage unit, for example, teaspoonful, table 
spoonful, tablet or suppository, contains a predetermined 
amount of the composition containing one or more inhibi 
tors. Similarly, unit dosage forms for injection or intrave 
nous administration may comprise the inhibitor(s) in a 
composition as a solution in sterile Water, normal saline or 
another pharmaceutically acceptable carrier. 

[0126] The term “unit dosage form,” as used herein, refers 
to physically discrete units suitable as unitary dosages for 
human and animal subjects, each unit containing a prede 
termined quantity of compounds of the present invention 
calculated in an amount sufficient to produce the desired 
effect in association With a pharmaceutically acceptable 
diluent, carrier or vehicle. The speci?cations for the novel 
unit dosage forms of the present invention depend on the 
particular compound employed and the effect to be achieved, 
and the pharmacodynamics associated With each compound 
in the host. 

[0127] The pharmaceutically acceptable excipients, such 
as vehicles, adjuvants, carriers or diluents, are readily avail 
able to the public. Moreover, pharmaceutically acceptable 
auxiliary substances, such as pH adjusting and buffering 
agents, tonicity adjusting agents, stabiliZers, Wetting agents 
and the like, are readily available to the public. 

[0128] Where the agent is a polypeptide, polynucleotide, 
analog or mimetic thereof, eg antisense composition, it 
may be introduced into tissues or host cells by any number 
of routes, including viral infection, microinjection, or fusion 
of vesicles. Jet injection may also be used for intramuscular 
administration, as described by Furth et al. (1992), Anal 
Biochem 205:365-368. The DNA may be coated onto gold 
microparticles, and delivered intradermally by a particle 
bombardment device, or “gene gun” as described in the 
literature (see, for example, Tang et al. (1992), Nature 
356:152-154), Where gold microprojectiles are coated With 
the DGAT DNA, then bombarded into skin cells. 

[0129] Those of skill Will readily appreciate that dose 
levels can vary as a function of the speci?c compound, the 
severity of the symptoms and the susceptibility of the 
subject to side effects. Preferred dosages for a given com 
pound are readily determinable by those of skill in the art by 
a variety of means. 
































